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11. Progress on Objectives. 
Objective 1: Further deflne the Regulation of methanol dehydrogenase 
(MDH) synthesis in M. organophilum. 
sequence information indicated that a novel regulatory system more complicated than other 
two component, positively acting, regulatory systems identified in procaryotes is involved 
in the expression of MDH. The focus of the new proposal is limited to stu&es of the 
regulation of MDH synthesis. 
Most of our efforts have been directed toward this objective because genetic and 
la. Identify regulatory protein binding sequences 
A 170 bp oligonucleotide sequence is found between the transcriptional start and 
translational start sites preceding the m F  open reading frame that encodes the large 
subunit of MDH. It was considered possible that this may have played a role in 
transcriptional attenuation or  activation. However, it has been shown that deletion of this 
sequence and fusing the mxaF promoter to a promoterless xylE gene did not affect 
production of catechol 2,3-dioxygenase. Expression of XylE still was induced by 
methand and required a functional m B ,  mxbD,N,M and mcQ,E genes. The total 
activity of catechol 2,3-dioxygenase was similar with and without this sequence 
downstream of the m F  promoter when fused to the xylE gene. The sequences required 
for maximum inducible expression of mxaF have been identified by deletion analysis as 
those between positions 63 and 220 of Figure 1. Deletions extending to position 104 
reduce expression of mxaFp::xylE promoter fusions by about 50%. Deletions into the first 
region of diad symmetry (positions 1 13- 145) completely abolish expression of xylE in 
promoter fusions (Xu etal, 1995). The data for these conclusions is presented in Xu etd 
(1995). 
We have also fused the mxaW promoter (see Figure 1) to xylE (Xu etal, 1995) 
using an inversion of the mxaF promoter and have subsequently shown that deletion of 
nucleotides within the inverted repeat (p t ions 156- 176, Figure 1) cause loss of catechol 
2 3  dioxygenase activity when induced by methanol. Catechol 2,3 dioxygenase activity 
with the m u W p x y l E  fusion is only about 15% of the acitivity as with the muFp::xylE 
promoter fusions{ ADDIN ENRef } . These data suggest that the putative positive 
regulator binding site postions (156-176) that have been shown by footprinting 
experiments to be the site of DNA protein binding and the other u tream re 'on of di QO PPat en t 8emnC&EUIted 
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symmetry are important for transcription in both directions (H. Xu, Ph.D. thesis, 
Univeristy of Minnesota). 
At thls time, it has been shown that the purified MxcE protein and the GST-MxbM 
fusion protein have been shown to bind to a 219 bp oligonucleotide sequences upstream of 
muF in gel retardation assays. The fusion proteins GST-MxcE and GST-MxbM (see 
below) as well as the purified MxcE protein protein bind to the same oligonucleotides. In 
our initial experiments, the MxbM protein cleaved from the fusion protein does not bind in 
all assays. This may be due to problems with inactivation during cleavage or to carryover 
of Triton X-100. Autaphosphorylation of purified MxcE in the presence of acetyl- 
phosphate and magnesium improves its binding to the oligonucleotide. The retarded h d s  
resulting from binding of MxcE, GST-MxbM or a combination of the two migrate more 
rapidly than retarded bands produced by incubating crude extracts with the 2 19 bp 
oligonucleotide. This may be the result of the binding of more than these two proteins to 
the oligonucleotide when crude extracts are used. 
lb. Sequence genes required for expression of methanol 
dehydrogenase and characterize the gene products. 
We have previously shown that two unlinked groups of genes (mxbM,N,D) and 
mxcQ and E) as well as a gene found downstrean of mraF ( m B )  are all required for the 
expression of mxaF in M. orgamphilwn XX { ADDIN ENRef } . During this grant 
period, we have sequenced all of these genes and have shown that the deduced amino acid 
sequences of MxcQ and MxbM are similar to different groups of sensor-histidine-kinases 
that are components of two component regulatory proteins while MxaB and MxcE belong 
to one group of response regulators including MxaX of Paracoccm & ~ ~ c m  { ADDIN 
ENRef } , DegU of B. subtilis { ADDIN ENRef } NarL of E. coli { ADDIN ENRef } 
and UhpA of S. typhimrtn'wn { ADDIN ENRef } . MxcE and MxaB have 65.6% 
similarity (65.6% identity) while MXaB and MxcE both have 45% similarity to MxbM. 
MxbM belongs to a subfamily of response regulators that differ significantly from the 
subfamily containing MxaB and MxcE. 
We have cloned the mxcE and m b M  genes into pGEX-2TK by fusion to the 
glutathione S-transferase gene. After transformation into E. coli JM109, the plasmid was 
isolated and sequenced to be sure the reading frame was proper and the recombinant 
plasmid was transferred to E. coli BL21 (DE3). The proteins were expressed and the 
fusion proteins were purified using the glutathione Sepharose 4B purification procedure of 
Pharmacia. 
Antibodies were prepared against the GST-MxcE fusion protein in rabbits and were 
absorbed with E. coli B U l  (DE3) (@EX-2TK). The antibodies were used in Western 
blots to detect MxcE in cell extracts and to determine if it is produced in both induced and 
noninduced conditions. We have shown this protein to be present cells grown on a mineral 
salts medium with methanol as well as Penassay broth. 
Objective IC. Sequence the moxW gene. This work was delayed in order 
to complete sequencing of the gene clusters containing the mxuB and mxbD,N,M genes. 
We wish to know if other genes involved in expression of MDH may be located in this 
region. At this time we have not found sequence similarity to the partial sequence of mxaW 
and other genes or proteins in the data bases searched. 
Objectivwe 2: Identification of genes and proteins involved in copper 
expression of sMMO in M. trichosporium OB3b. 
Our initial attempts to complement mutants lacking sMMO activity with partial Sau 
3A Fragments cloned into a pLA2917 vector { ADDIN ENRef } were unsuccessful due to 
instability of all OF the sMMO mutants available and the slow growth of recombinants. 
Objective 3: Clone and attempt to express sMMO genes from M. 
trichosporium in M. organophilum X X. 
attempt to clone sMMO in this bacterium. However, we have cdlaborakd with DT T. 
Wood’s laboratory expression of sh4h40 in Rhizobium meliloti , Agrobwteriwn 
tumefaciens, and Pseudomonar p u t i h .  has been demonstrated. (D. Jahng, C.S. Kim, 
R.S. Hanson, and T.K. Wood. 19%. Optimization of trichloroethylene degradation using 
soluble methane monooxygenase of Methylosinus h-ichosporium OB3b expressed in 
recombinant bacteria. Biotechnology and Bioengineering 5 1:349-359). 
Objective 4: Further experiments to determine if M. otganophilum is 
capable of growth as a facultative methylotmpb. 
methanol grown cells are indistinguishable and will use fluorescendy labelled 
oligonucleotides that are complementary to 16s rRNA sequences present in the large 
subunit rRNAs of are M. oargmphilum XX in order to demonstrate that all cells in the 
cdture are M. ourganophilum XX and not another methanotroph. The techniques have 
been described in a previously published manuscript { ADDIN ENRef } 
In response to comments received after review of the previous prop1 we did not 
We have previously demonstrated that restriction fragments from methane and 
Figure 1. Sequences upstream of mxaF. Shine-Delgarno (S-D) sequences and -10, -35 promoter sequences for rmaF and 
mwW are identified. Transcriptional and translational start sites for each gene are identified with the arrows indicating the directions in 
which translation and transcription occur. 
1 Avd 80 
AGGCCATGCC AGCCTCGCGC CATCACTGCT CCTCCCGATG TCTCGGGCCG CTGCCGCCCG TTCCGCCTAG TGGTGCGCCG 
TCCGGTACGG TCGGAGCGCG GTAGTGACGA GGAGGGCTAC AGAGCCCGGC GACGGCGGGC AAGGCGGATC ACC&XCGGC 
I -low S-D mxaF <--------- 
maw transcriptional start 
I <------------------ 
mxw ORF 
160 
GGCCTTCGTC GCGGTCAAGC CGGAGGGATA CGAGAAGATC GCCAAT'I'TAG AAATGCCACA TCTTCCCRGC AAGAAATGTC 
CCGGAAGCAG CGCCAGTTCG GCCTCCCTAT GCTCTTCTAG CGGTTAAATC TTTACGGTGT AGAAGGGTCG TTCTTTACAG 
-35w >>>>>> >>>> <<<< < <<<<< <<<< 
-35F -1OF ImaF t ranscr ip t iona l  start ------> 240 
TGACCGGGTA =TCTC CTTCAATCAA CGCCTAGAAq CGATAGGCGA CGGGTGCTAA TAAGTCTTTC ATAAGACAGA 
ACTGGCCCAT "TCTGTAGAG GAAGTTAGTT GCGGATCTTT GCTATCCGCT GCCCACGATT ATTCAGAAAG TATTCTGTCT 
< >>>>>> 
320 
GXTTATCTAA GATn%IlTCTT AGAmTTCTG CTCGGTCGAG GAATGGACTT CGTGGCGAAC CCTGIlACCTC AGAGGGAATA 
CAAATAGATT CTAACAAGAA TCTAAAAGAC GAGCCAGCTC CTTACCTGAA GCACCGCTTG GGACTTGGAG TCTCCCTTAT 
KpnI S-D mxaF ( I M ~ F  ORE'---> 
GGVTCAAGAGG TACCGCGAGG CCAAAGGCGT GGCGGTCAAG CGAGGAGACG CAGGATGA 
CW"TCTCC ATGGCGCTCC GGTTTCCGCA CCGCCAGTTC GCTCCTCTGC GTCCTACT 
